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Abstract: Cardiovascular disease (CVD) is the cause of the greatest number of deaths worldwide. It is statistically number one around the
globe on that side. The World Health Organization reported that it causes approximately 17 million deaths each year, and approximately
17.9 million people died in 2019. This represents 32% of all global deaths due to heart attacks and strokes, approximately 17.6-19.1 million
in 2020, and approximately 18 million in 2021. There is no exact number of deaths in 2023, whereas in Yemen, it is approximately 27848
per 100,000. The latest study of Yemen revealed that approximately 19.39% of people die around the globe, which represents the top 14
in the World Health Organization ranking in 2020. The risk of this disease continues to increase daily, which has led scientists to work on
this disease to reduce the number of deaths. There-fore, this study focused on understanding the major forms of cardiovascular illness.
Clarifying the amount of research using pulse and ECG sensors to predict heartbeats from 2017-2023, understanding the most frequent
variables used to diagnose cardio-vascular disease. In the future, this study will provide a clear view of how to build a model that predicts

a person's status and reduces the number of people who die from cardiovascular disease.
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1. Introduction

The heart is the main circulatory system throughout the body [1].
It not only pumps but also works with other body systems to
regulate heart rate and blood pressure [2]. Your family history,
personal wellness history, and lifestyle all influence how well your
heart works [3, 4]. It works as a circular system. It consists of four
main parts (rooms) that are driven by electricity. The brain and
nervous system regulate cardiac function [5].

As stated in the World Health Organization, cardiovascular disease
or cardiovascular disease is one of the deadliest diseases in the
world, as stated in the statistics book in the year 2023, 27% of
patients will die from heart disease, 16% from cancer, and 5% from
diabetes. According to the World Health Organization,
approximately 17 million people die each year, approximately 17.9
million in 2019, accounting for 32% of all global deaths due to
heart disease and stroke, approximately 17.6-19.1 million in 2020,
approximately 18 million by 2021, and no specific number of
deaths per year 2021. In 2023, when approximately 100,000 people
were in Yemen, 27,848 people were involved. According to the
most recent study in Yemen, it accounts for 19.39% of all deaths
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worldwide, ranking 14th in the World Health Organization’s
rankings by 2020 [6, 7], as shown in Figure (1) and Figure (2).
Major cardiovascular diseases are myocardial infarction,
congestive heart failure, congestive heart failure, and coronary
heart disease [1, 8]. Coronary artery disease (CAD) involves
narrowing of the arteries, causing chest pain and heart attack. It
also affects the ability of the heart to pump blood to the legs and
feet [9]. Abnormal heart rhythms caused by heart disease, diabetes,
high blood pressure, or other health issues can lead to heart failure
[10]. Heart failure occurs when the heart cannot carry enough
blood into the body, which can lead to heart disease, diabetes,
coronary artery disease, hypertension, arrhythmias, sleep apnea,
and congenital heart defects. Millions of people worldwide are
affected by various factors, such as obesity and alcohol or drug use
[11]. Valvular problems cause valvular heart disease, resulting in
heart murmurs. Causes include infection, birth defects and age.
The most common types are aortic stenosis, mitral regurgitation,
and aortic regurgitation [12].

Multiple studies have identified several danger factors for
cardiovascular disease (CVD), including excessive blood strain,
excessive cholesterol, smoking, diabetes, obesity, physical
inactivity, circle of relative history, age, sex, and pressure. High
blood pressure, cholesterol, smoking, diabetes, weight problems,
and physical inaction increase the risk of CHD and stroke.
Additionally, high blood cholesterol, smoking, diabetes, obesity,
and a physical state of inactivity can also contribute to CVD.
Factors including age, sex, and stress can also increase the
likelihood of CVD [13-16].

Patients with heart failure often experience symptoms such as chest
pain, shortness of breath, fatigue, cough, irregular heartbeat,
dizziness and seizures. Tests such as ECG, echocardiogram, stress
tests, and blood tests are used to diagnose CVD. Treatment options
include lifestyle changes, cardiac rehabilitation programs, bypass
surgery, medical solutions, and medications. Prevention of heart
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disease includes regular screening; control of blood pressure,
cholesterol, and weight; healthy eating; smoking cessation; and
stress management [15, 17].

Several sensors are used to measure and detect the condition of an
individual [18]. Lifestyle, low levels of physical activity, stress,
smoking and alcohol consumption can be major risk factors for
heart disease [19]. Low levels of stress and a healthy lifestyle are
key factors in preventing or reducing the incidence of heart disease
[20]. Thus, this review discusses the major types of heart disease,
risk factors, and diagnostic methods.
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Figure 1. Statistical study for cardiovascular disease in globe
comparing to other diseases in stable period
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Figure 2. Statistical study for cardiovascular disease in Yemen in
2020 as the latest study

The simple real-time application is used to help a frail client
monitor heart status and learn how to monitor their heart in a
simple way. As a first step in screening, simple measures using
cost-effective equipment can be used to help measure this risk at
home. Therefore, the following work has contributed to this work.
» Known major types of heart disease.

* To clarify how many studies used pulse ECG sensors to predict
heart rate from 2017--2023.

» Knowledge of the cost of conducting real-time analytics.

» Know the commonly used diagnostic criteria for cardiovascular
disease.

* Determine first whether your heart condition looks normal or not.
» Make the test available to a vulnerable user to attempt to check
their heart.

* Understanding basic instruments for testing the condition of the
heart.

2. Cardiovascular disease

Heart disease, also known as cardiovascular disorder (CVD), refers
to a fixed situation that affects the coronary heart and blood
vessels[21, 22]. According to the Global Health Organization,
coronary heart disease is a worldwide sickness that causes death
each year[6, 7, 22]. Multiple types of cardiovascular disorders are
discussed, and the main types of cardiovascular disorders are
discussed in Section three.

2.1. Classification of the main types of cardiovascular disease

Coronary artery disease (CAD), arrhythmia, heart failure, and
valvular heart sickness are the 4 major forms of cardiovascular
ailment [1, 8]. A diagram that represents all the principal kinds of
heart ailments is represented in Figure (3), and a discussion of each
can be found inside the next section.

2.1.1. Coronary artery disease (CAD)

Coronary artery ailment (CAD), also known as arterial sickness or
peripheral artery disease (PAD), is one of the most common heart
sicknesses [23, 24]. This occurs when the arteries that deliver
blood from the heart to the frame become narrower, which can
cause chest pain or heart assault [9]. The weakness of the coronary
heart occurs when the amount of blood being pumped to the legs
and feet decreases [23, 25]. The patient in this situation feels
trouble in their legs or toes [23, 25]. This occurs because plaque
covers or fills the artery partitions, causing little blood flow into
the legs and ft [9, 23, 25]. This plaque results from the increased
quantity of cholesterol, fats, and different materials in the blood,
as represented in Figure (4).

The maximum common threat elements that could affect CAD are
excessive blood stress, high cholesterol, smoking, diabetes,
obesity, and a circle of relatives' history [26]. The symptoms that a
person can sense after they exercise any bodily hobbies are
cramping, leg pain, and fatigue [27]. When these signs and
symptoms are ignored, gangrene, tissue harm, and amputation may
occur [28].

N Atrial
fibrillation(AFib)
Coronary Artery Ventricular
disease fibrillation (VFib)
— Arrhythmia Bradycardia
— Heart failure Tachycardia

Heart diseases

Premature ventricular
contractions (PVCs)

—  Aortic stenosis

“Valvular heart disease Mitral stenosis

— Aortic regurgitation

Figure 3. Types of Cardiovascular Disease

International Journal of Intelligent Systems and Applications in Engineering

JISAE, 2024, 12(4), 4737 - 4748 | 4738



The diagnosis of this type of disease should be made via a review
of the circle of the patient’s history; a bodily examination; an
ankle—brachial index (ABI) test, which measures the amount of
blood that flows into the ankle, arm, and legs; and a duplex
ultrasound test, which is used to obtain an image of the artery to
determine whether there is any block in the walls of the artery [29-
31].

To reduce the impact of artery disorders, a terrific way of life, such
as exercising often, preventing smoking, and ingesting healthy
meals and, if there may be a hassle with cholesterol or blood stress,
one must have medication to lower the level of blood strain and
cholesterol in one’s blood [32]. In an essential situation, surgical
operation, which includes surgical operation or angioplasty[33], is
the quality solution . Skipping surgery is the way to open the
blocked artery, whereas angioplasty is an operation that involves
removing the artery partitions and allowing the blood flow in the
artery as a regular glide with a regular amount of blood instead of
a slender or blocked artery [34].

2.1.2. Arrhythmia

When the heart beats too slowly or too fast, resulting in an
abnormal heart rhythm or irregular heartbeat, it is referred to as an
arrhythmia disorder [10]. It ought to take place for more than one
reason, together with having diabetes, excessive blood stress, or
some other fitness hassle [10]. There are numerous types of
arrhythmias, such as atrial fibrillation (AFib), ventricular
fibrillation (VFib), bradycardia, tachycardia, and ventricular
contractions (PVCs) [35]. AFib happens when the affected person
feels the coronary heart beating too speedy in an irregular manner,
in keeping with higher chamber problems (atria). VFib is a
dangerous type of arrhythmia, and it occurs when the coronary
heart’s decrease chambers are fib instead of beating at the ordinary
facet on the way to trap the heart. Bradycardia occurs when the
coronary heart beats too slowly. Tachycardia also occurs when the
coronary heart beats too fast. Premature ventricular contractions
(PVCSs) seem when the coronary heart stops all at once and then
begins to evolve, beating commonly another time owing to a hassle
with the coronary heart’s ventricles [35].

Normal conditon of
an artery

Beginning of
plague formation

Increased placue
accumulation

Narrowed artery
blocked by a blood dot

Coronary Artery Disease

Figure 4. Cardiovascular Artery Disease (created with
https://ivypanda.com/essays/coronary-artery-disease-normal-
physiology-and-pathology/, accessed on 15 March 2024)

In arrhythmia, the most common risk factors rely on the status of
the heart, and situations that cause the disorder determine the
primary risk elements, whereas in trendy cases, the not unusual
hazard factors that might cause arrhythmia are palpitations, chest
pain, shortness of breath, fainting, syncope, and lightheadedness

[35, 36].
Medical  records, electrocardiograms  (ECGs),  bodily
examinations, Holter displays, echocardiograms, occasion

recorders, and electrophysiology are used to diagnose this type of
disease with the intention of clarifying its reputation and
severity[35, 37].

In truth, there may be no unique treatment for this type of disease;
the handling depends on the purpose and severity of the ailment.
In a few instances, it may be solved by itself when it is grown; in

other cases, it may need medication to normalize the pulse, or it
could need an operation and extra tools [38].

2.1.3. Heart failure

Heart failure is the status of the heart when it cannot pump enough
blood to the whole body [11]. Millions of people worldwide have
this common type of disease for multiple reasons, such as coronary
artery disease, diabetes, cardiomyopathy (heart muscle disease),
heart valve disease, high blood pressure, arrhythmias, sleep apnea,
congenital heart defects, or obesity. Alcohol or drug users could
also have heart failure [11, 39].

There are a set of factors that lead you to know that you could
complain of heart failure, such as shortness of breath, difficulty
sleeping, fatigue, difficulty concentrating, pain or swelling in the
legs, ankles, or feet, confusion, loss of appetite, an irregular
heartbeat, wheezing, or persistent cough[40].

There are a variety of tests that can be used to test for heart failure,
such as an MRI or CT scan, a physical examination, a cardiac
catheterization test, a stress test, a blood test, an echocardiogram,
and an electrocardiogram (ECG) [41].

A healthy lifestyle and medications could reduce the risk of heart
failure. In high-risk status, implantable devices such as pacemakers
or defibrillators, surgery, or cardiac rehabilitation programs could
help. As treatments, eating a healthy diet, having a regular
checkup, having a healthy weight, regular checkups of blood
pressure and cholesterol levels, quitting smoking, and managing
stress are steps to reduce the risk of heart failure [40, 42].

2.1.4. Valvular Heart Disease

Valvular coronary heart sickness occurs when there is trouble with
the coronary heart valves, which can cause coronary heart
murmurs [12]. There are multiple causes of valvular heart disease,
such as infections, congenital heart defects, and age-related effects
[21]. Aortic stenosis, mitral regurgitation, and aortic regurgitation
are types of valvular disease [43]. However, aortic stenosis occurs
when the quantity of blood in the feed body is less than usual due
to a narrower aortic valve, which affects the pumping of blood
effectively [44]. Mitral regurgitation occurs when the mitral valve,
which normalizes blood flow between chambers on the left side,
does not close well. In this situation, the blood flows back into the
left atrium and causes problems [45]. Mitral stenosis occurs
because the mitral valve has difficulty transferring blood from the
left atrium to the left ventricle because the mitral valve is narrower
[46]. Aortic regurgitation occurs because the aortic valve has
difficulty closing well, which causes the flow of blood into the left
ventricles [8, 44].
A variety of tests should be taken to ensure that the person has a
valvular risk or not, and they are as follows [47, 48]:
1. Chest X-ray: This technique detects the accumulation of lung
fluid and signs of an enlarged heart.
2. Echocardiogram (ECG): This test shows illustrations of the
heart and its valves via sound waves.
3. Electrocardiography: it detects irregular cardiac rhythms by
measuring the electrical activity of the heart.
4. Cardiac catheterization test: This procedure involves
passing a tiny tube through a blood vessel to the heart to detect
blood pressure and determine the degree of valve dysfunction.

3. Risk factors for cardiovascular disease

Heart disease symptoms can include chest pain or discomfort;
shortness of breath or difficulty breathing; fatigue; swelling in the
legs, ankles, or feet; an irregular heartbeat; dizziness or
lightheadedness; and nausea or vomiting [49, 50]. A variety of test
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tools, such as electrocardiograms (ECGs), echocardiograms, stress

tests, cardiac catheterization, and blood tests, are used to diagnose

CVD [51, 52]. Even the severity of a patient's situation affects

treatment options, such as changing lifestyles such as a healthy diet

and exercise in some cases, whereas in others, a cardiac
rehabilitation program, bypass surgery, medical solutions such as
angioplasty, and the use of a specific medication could help

decrease blood pressure or cholesterol pressure [15, 17].

As stated in numerous studies [13-16, 53-59], cardiovascular risk

factors are behaviors or symptoms that increase the likelihood of

developing cardiovascular disorders. These behaviors or
symptoms include high blood pressure, high cholesterol, smoking,
obesity, diabetes, family history, age, physical inactivity, an
unhealthy diet, stress, etc. All of the most known risk factors for
cardiovascular disease are between 1 and 13. These factors are
used to determine whether a person's heat is normal and are
represented in Table (1) [60-62]. This table represents the main
factors and what was already taken from the sample dataset that

concentrated on cardiovascular disease, such as Cleveland: 303;

Hungarian: 294; Switzerland: 123; Long Beach VA: 200; and

Statlog: 270. The heart rate factor can be used to make the first

decision about heart status, whether it is okay or not. This increases

the probability of having or developing CVD. Therefore, the main
risk factors are described below:

1. Age: All ages are susceptible to cardiovascular disease, but
the risk increases with age. After the ages of 45 years for
males and 55 years for females, it is important to keep in mind
that a person's early development of CVD can be influenced
by a variety of variables, including genetics, lifestyle choices,
and other medical conditions [53].

2. Gender: One important risk factor for cardiovascular disease
is sex. Cardiovascular disease can affect both men and
women, but the risk factors and ways it presents itself are
different. In general, males are more likely than females are
to develop cardiovascular disease earlier in life. Both the
incidence of coronary artery disease and the risk of having a
heart attack are increased. Hormonal fluctuations play a role
in this process, with estrogen providing some protection for
women before menopause. However, women's risk of
cardiovascular  disease increases dramatically after
menopause. This is caused by a decrease in the protective
properties of estrogen. In addition, women are more likely
than men to have uncommon symptoms, including fatigue,
nausea, and shortness of breath, as well as other telltale
markers of cardiac disease. Both sexes need to manage risk
factors for cardiovascular disease, including smoking, high
blood pressure, high cholesterol, obesity, and diabetes, as well
as their own health. Good lifestyle choices, early intervention,
and routine check-ups can reduce the risk of cardiovascular
disease in both men and women. Men are usually more likely
to have the disease than women are, whereas at the age of
menopause, women's risk increases [54].

3. Chest pain (CP): Chest discomfort is a typical sign of heart
disease[55]. This could be due to a number of conditions,
including the following:

e Angina: This is chest pain or discomfort caused by a
lack of blood flow to the heart muscle. It is frequently
caused by physical or mental stress and feels like
squeezing or pressure in the chest, which is the main risk
factor that can determine whether a person has the
disease or not.

e Heart attack: A heart attack happens when the blood
supply to the heart muscle is suddenly cut off. During a
heart attack, chest pain is frequently reported as crushing
or heavy, and it may spread to the arm, jaw, or back.
Shortness of breath, nausea, and sweating are all possible
symptoms.

e  Coronary artery disease: This is a disorder in which the
arteries that carry blood to the heart narrow or become
clogged owing to plaque accumulation. When the blood
supply to the heart is limited, chest discomfort can ensue.

e Aortic dissection: This involves a riper in the inner layer
of the aorta, which is the main blood vessel that
transports blood from the heart to the rest of the body.
Aortic dissection causes chest discomfort, which is
typically characterized as tearing or ripping and may
spread to the back.

e  Pericarditis: inflammation of the sac that surrounds the
heart. Pericarditis causes intense chest discomfort that
intensifies with heavy breaths or lying down.

Importantly, chest pain can be caused by a variety of factors, and

not all chest discomfort is caused by cardiovascular illness.

However, if one has chest discomfort, especially if it is severe or

accompanied by other symptoms, one should seek medical

assistance right away to discover the reason and obtain proper
treatment.

4. Resting blood pressure (trestbps) or high blood pressure
can injure arteries and increase the risk of heart disease and
stroke disease[56]. An important risk factor for
cardiovascular disease is blood pressure. One of the main risk
factors for the development of cardiovascular diseases such
as heart disease, heart attack, and stroke is hypertension or
high blood pressure. The heart and blood vessels are strained
when blood pressure is consistently high. Over time, this may
result in damage to the arteries, particularly the coronary
arteries that provide blood to the heart muscle. This raises the
risk of developing conditions, including coronary artery
disease, which can result in myocardial infarctions.
Moreover, high blood pressure causes the heart to work
harder to pump blood, which may lead to heart failure or an
enlarged heart. Additionally, it may damage the brain's blood
vessels, which increases the risk of stroke. It is vital.
Monitoring blood pressure on a regular basis and maintaining
it within a healthy range are essential. A blood pressure less
than 120/80 mmHg is considered normal, according to the
American Heart Association. A systolic pressure of 120-129
mmHg and a diastolic pressure of less than 80 mmHg are
considered indicative of elevated blood pressure. A blood
pressure reading of 130/80 mmHg or above is considered
hypertension and is indicative of cardiovascular disease.
Blood pressure can be regulated via dietary and lifestyle
modifications, regular exercise, weight control, alcohol
avoidance, and stress reduction. Medication may be
recommended if lifestyle changes alone are not enough to
regulate blood pressure. For the purpose of controlling
cardiovascular health and maintaining blood pressure, routine
visits to medical professionals are necessary.

5. High blood cholesterol: Cholesterol is another important
factor in cardiovascular disease. Certain foods include
cholesterol, a waxy substance produced by the liver [57].
While cholesterol is necessary for the body to operate at its
best, high cholesterol levels can also lead to the development
of cardiovascular disease. The two main types of cholesterol
are low-density lipoprotein (LDL) cholesterol and high-
density lipoprotein (HDL) cholesterol. Owing to its ability to
build plaques in the arteries, which lead them to narrow and
harden—a condition known as atherosclerosis—Ilow-density
lipoprotein (LDL) cholesterol is commonly referred to as
"bad" cholesterol. This may result in limited blood flow to the
heart and other organs, increasing the risk of heart attack and
stroke. However, because HDL cholesterol helps eliminate
fat, it is frequently referred to as "good" cholesterol. On the
other hand, it helps remove LDL cholesterol from the
bloodstream and returns it to the liver, where it is broken
down and eliminated from the body. HDL cholesterol is
frequently referred to as "good" cholesterol. The risk of
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cardiovascular disease can be increased by both low HDL
cholesterol and high LDL cholesterol levels. Elevated
cholesterol levels can be caused by a poor diet, inactivity,
obesity, smoking, and certain medical conditions. To monitor
cholesterol levels, routine cholesterol testing is needed. The
American Heart Association recommends that anyone 20
years of age and older receive cholesterol checked every four
to six years or more frequently if they have cardiovascular
disease risk factors. Changes in lifestyle that can help control
cholesterol levels include quitting smoking, consuming less
alcohol, maintaining a healthy weight, exercising more, and
adopting a healthy diet low in saturated and trans fats.
Medication may be advised if lifestyle changes alone are not
enough to lower cholesterol levels. One of the most important
factors in preventing and managing cardiovascular disease is
lowering cholesterol levels. A healthcare professional is
advised to determine appropriate cholesterol targets and
create a customized cholesterol control plan. Normal
cholesterol levels might change depending on the precise
measurements and guidelines used. Nonetheless, the typical
goal ranges for cholesterol levels are as follows:

A. Cholesterol total: A concentration of less than 200
mg/dL (milligrams per deciliter) is considered optimal.

B. LDL cholesterol: Less than 100 mg/dL is considered
ideal for the majority of people. Individuals at a higher
risk of cardiovascular illness, such as those with
preexisting heart disease or diabetes, may benefit from a
goal of less than 70 mg/dL.

C. Higher levels of HDL cholesterol are typically thought
to be beneficial. An HDL level of 40 mg/dL or higher is
preferred for men, whereas a level of 50 mg/dL or higher
is preferred for women.

D. Triglyceride levels should be less than 150 mg/dL.

Importantly, these are only general recommendations, and

specific goals may differ on the basis of factors such as age,

sex, general health, and the presence of other cardiovascular
disease risk factors. Healthcare professionals are advised to
determine each person's ideal cholesterol goals and to create

a customized cholesterol control strategy. To monitor

cholesterol levels and assess cardiovascular risk, regular

cholesterol exams are essential [57].

Blood sugar or fasting blood sugar (fbs): Blood sugar levels

can influence the onset and course of cardiovascular

disease[58]. Here's how it is done:

A. Diabetes: Diabetes is characterized by high blood sugar
levels. Diabetes puts people at increased risk of
cardiovascular disease, such as heart attack, stroke, and
peripheral artery disease. Elevated blood sugar levels
can harm blood vessels and contribute to plaque
development, resulting in atherosclerosis.

B. Insulin resistance: Insulin resistance occurs when the
cells of the body become less receptive to the actions of
insulin, resulting in high blood sugar levels. Insulin
resistance is frequently associated with obesity, high
blood pressure, and excessive cholesterol levels, all of
which are referred to as metabolic syndrome. The risk of
developing cardiovascular disease is increased by
metabolic syndrome.

C. Inflammation: High blood sugar levels in the body can
cause inflammation. Chronic inflammation is thought to
contribute to the development of atherosclerosis and
other cardiovascular diseases. Inflammation can damage
blood vessels, encourage blood clot formation, and
contribute to the course of cardiovascular disease.

D. Glycation: Elevated blood sugar levels can cause
glycation, a process in which sugar molecules bond to
proteins in blood vessels. This can lead to the creation of
advanced glycation end products (AGEs), which can
induce oxidative stress and blood vessel damage, hence

contributing to the development of cardiovascular
disease.

Managing blood sugar levels via lifestyle changes such as a
nutritious diet, frequent exercise, and medication (if needed) is
critical to lowering the risk of cardiovascular disease in those with
diabetes or insulin resistance. To monitor and regulate blood sugar
levels properly, it is critical to collaborate with healthcare experts.
Normal blood sugar levels might fluctuate based on the time of day
and whether a person has just eaten. The following are the general
principles for maintaining appropriate blood sugar levels:

A

Fasting blood sugar levels (before eating): A normal
fasting blood sugar level is typically between 70 and 99
mg/dL (3.9 to 5.5 mmol/L).

Postprandial blood sugar (after eating): A typical
postprandial blood sugar level is usually less than 140
mg/dL (7.8 mmol/L), which is tested 1-2 hours after a meal.

Importantly, these are only suggestions; individual goals may
differ depending on factors such as age, overall health, and any
underlying medical concerns. People with diabetes may have
varying blood sugar management goal ranges, as set by their
healthcare professionals.

Regular blood sugar monitoring is critical for maintaining general
health and minimizing problems, especially for people with

diabetes or those at risk of developing diabetes.

If you are

concerned about your blood sugar levels, it is best to receive
specialized advice and counseling from a healthcare practitioner.

7.

Resting electrocardiographic results (restecg): A
noninvasive test that analyzes the electrical activity of the
heart is a resting electrocardiogram (ECG or EKG). It can
offer important information about the rhythm and pace of the
heart, as well as any potential irregularities that may signal
cardiovascular illness [59]. Some frequent ECG
abnormalities that may indicate cardiovascular disease are as
follows:

A. Arrhythmias are irregular  heartbeats. An
electrocardiogram (ECG) can identify irregular cardiac
rhythms such as atrial fibrillation, ventricular
tachycardia, or bradycardia. These arrhythmias may be a
sign of underlying cardiac disease.

B. The ST-segment changes: On an ECG, the ST-segment
reflects the time between ventricular depolarization and
repolarization. ST segment changes, such as elevation or
depression, might suggest myocardial ischemia or
damage, which can be associated with diseases such as
angina or heart attack.

C. Abnormalities in the T wave: The T wave on an ECG
reflects ventricular repolarization. T-wave
abnormalities, such as inversion or flattening, might
indicate myocardial ischemia, electrolyte imbalances, or
other heart disorders.

D. Abnormalities inthe QRS complex: The QRS complex
on an ECG reflects ventricular depolarization. QRS
complex anomalies, such as extended QRS duration,
might suggest conduction issues or ventricular
hypertrophy, which may be linked with certain
cardiovascular illnesses.

Importantly, an ECG is only one tool for detecting
cardiovascular illness; other assessments and tests may be
needed to confirm a diagnosis. If you are concerned about
your ECG readings or signs of cardiovascular illness, you
should contact a healthcare expert for a thorough examination
and proper management.

thalach: The maximum heart rate (MHR) is the highest

number of times your heart can beat in one minute during

maximum exertion. It is an individualized measure that varies
from person to person and can be influenced by factors such
as age, fitness level, and genetics [63]. As one engages in
physical activities, the heart pumps oxygenated blood to the
muscles to meet their increased demand. The heart rate
gradually increases to meet the body's oxygen requirements
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during exercise. Eventually, there is a point where the heart
beats as fast as it can, reaching the maximum heart rate. For
several decades, a commonly used method to calculate the
maximum heart rate was the simple formula: MHR = 220 -
age. However, this formula has been criticized for its lack of
accuracy, with studies suggesting that it may overestimate or
underestimate the true maximum heart rate. Therefore,
individual variations are now taken into account, and alternate
formulas such as the Tanaka method (MHR =208 - 0.7 * age)
have been proposed. The maximum heart rate is important in
various fields, particularly exercise physiology, sports
training, and health monitoring. Athletes and fitness
enthusiasts often use their maximum heart rate as a guide to
determine their exercise intensity, as different levels of effort
exert different stresses on the cardiovascular system. By
working within a certain percentage of their maximum heart
rate, individuals can ensure that they are training in specific
heart rate zones that target different fitness goals, such as fat
burning or improving aerobic capacity.
Importantly, the maximum heart rate should be achieved
only under controlled circumstances and with proper
supervision. Pushing oneself to the absolute maximum
heart rate can be dangerous and carries a risk of
cardiovascular complications. Hence, it is always
recommended to consult healthcare professionals and
follow appropriate guidelines when determining
exercise intensity and setting target heart rate zones.

9. exang: Exang risk factors, or risk factors for developing
exang (also known as angina or angina pectoris) [64], include
the following:

A. Age: The risk of developing exang increases with age,
particularly in individuals over the age of 55 for men and
over the age of 65 for women.

B. Gender: Men are more likely to develop exang than
women are, especially at a younger age. However, this
difference diminishes after menopause.

C. Smoking: Tobacco and cigarette smoke contain harmful
chemicals that damage blood vessels, reduce the oxygen
supply, promote blood clotting, and increase the risk of
exacerbations.

D. High cholesterol levels: High levels of low-density
lipoprotein (LDL) cholesterol, also known as "bad"
cholesterol, contribute to the buildup of plaques in
arteries, narrowing them and reducing blood flow to the
heart muscle.

E. High blood pressure: Long-standing hypertension can
damage arteries and increase the risk of developing an
exang. It adds strain to the heart and can promote the
formation of plaques in the arteries.

F. Diabetes: Individuals with diabetes are at increased risk
of developing exangulation. High blood sugar levels can
damage blood vessels and nerves, leading to reduced
blood flow to the heart and pain during exertion.

G. Obesity: Being overweight or obese increases the
workload on the heart and increases blood pressure,
cholesterol levels, and the risk of developing diabetes.
These factors contribute to an increased risk of exang.

H. Family history: Having a close relative, such as a
parent or sibling, with a history of exang or heart disease
increases an individual's risk.

. Sedentary lifestyle: A lack of regular physical activity
and exercise can contribute to obesity, high blood
pressure, and high cholesterol levels, which increase the
risk of developing exang.

J. Stress: Chronic stress, anxiety, and depression can
increase the risk of developing angina and other
cardiovascular diseases. Stress may also lead to
unhealthy coping mechanisms such as overeating,
smoking, or sedentary behavior.

Importantly, having one or more risk factors does not guarantee the
development of an exang. However, adopting a healthy lifestyle,
managing risk factors, and seeking medical care can significantly
reduce risk and improve overall heart health.

10. Oldpeak: ST depression induced by exercise relative to rest
('ST' relates to positions on the ECG plot and is also known
as ST depression induced by exercise relative to rest) is a
measure used in assessing the severity of heart disease during
exercise tolerance testing. A higher Oldpeak value typically
indicates a greater risk of coronary artery disease[65].

11. slope: the slope of the peak exercise ST segment (value 1:
upsloping, value 2: flat, value 3: downsloping). also known as
the slope of the peak exercise ST segment, is another measure
used in exercise tolerance testing to assess heart disease. A
more negative slope value is generally associated with a
greater risk of coronary artery disease [66].

12. ca: CA risk factors typically refer to the number of major
coronary arteries affected by blockage or narrowing due to
heart disease. The more coronary arteries affected, the greater
the risk of complications such as heart attack or other heart-
related issues. It is an important factor to consider when
evaluating the severity and prognosis of coronary artery
disease. In addition, the number of major vessels is (0--3)
[67].

13. thal: A thal risk factor typically refers to thalassemia, a group

of inherited blood disorders characterized by the body making
an abnormal form or inadequate amount of hemoglobin, the
protein in red blood cells that carries oxygen[68]. These
conditions result in excessive destruction of red blood cells.
A blood disorder called thalassemia has multiple forms (3 =
normal; 6 = fixed defect; 7 = reversible defect).
It is important to manage and control these risk factors
through lifestyle changes, such as adopting a healthy diet,
exercising regularly, quitting smoking, and managing stress,
as well as through medical interventions when necessary. To
prevent any type of heart disease, regular checkups should be
performed, blood pressure and cholesterol levels should be
monitored, the suitability of weight for height should be
checked, healthy and dietary foods should be eaten, smoking
should be stopped, and stress should be managed[69].

4. Making healthcare simply available

The Internet of Things has revolutionized healthcare by enabling
the seamless integration of medical devices and sensors. loT
medical devices, such as wearable monitors, smartwatches, and
implantable sensors, can continuously collect physiological data
such as heart rate, blood pressure, and electrocardiogram (ECG)
signals. To increase the ease of availability for simple users, real-
time data streams serve as valuable inputs for making diagnoses
available. In addition, real-time implementation of the pulse sensor
costs only approximately 16.05 dollars, which is calculated in
Table 2. Heartbeat is one of the main factors that could help in
making the first decision about heart status, whether it is normal or
not, and is based on the Clevelend Clinic.

4.1. Step One: Available sensor used for measuring the
situation of the heart

Multiple sensors, such as a heartbeat sensor, an echocardiogram
(ECG) sensor, an electrocardiogram sensor, a blood pressure
sensor, a cholesterol sensor, a cardiac MRICT scan, and a Holter
monitor, can be used to measure and diagnose a patient to
determine whether he or she has the possibility of having heart
disease in general or not.

sensor, and an implantable device, a heartbeat sensor is the main
and basic way to make the first decision about heart disease.
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Therefore, this study aims to show a simple user how he or she
could make a simple measurement for having a heartbeat rate and
making the first decision about heart status[70-72].

While many sensors exist, most studies have concentrated on two
types of main sensors: heartbeat (pulse sensor) and ECG sensors,
which are represented in Figures 5 and 6. It could help predict a
person's status. Therefore, IEEE, Springer, and Elsevier clarified
its use in multiple real-time diagnoses of cardiovascular disease,
and the number of these sensors in their studies is mentioned in
Table 3. It is commonly used for measuring the situation of the
heart and making the first decision about whether it is okay or not.

4.2. Step Two: Methodology used for simple availability.

The methodology that followed to have this model simply
available was hardware and software design. Hardware design
includes selecting sensors, microcontrollers, and other necessary
components. In this case, Arduino Uno and pulse sensors are used
to measure the patient’s heart rate, as represented in Figure 9.

he heartbeat simulator comprises two main parts: hardware and
software components. The hardware component consists of an
Arduino Uno board and a pulse sensor. The software component
includes the Arduino IDE and Proteus software. To design and
simulate heartbeats via Arduino and Proteus, steps were taken, and
a lower cost was used to assess the status of heart disease.

Figure 5. Pulse sensor

Figure 6. ECG sensor

4.3. Step Three: Proteus simulation

In this simulator, the use of an Arduino Uno is the main method
for measuring the electrical activity of the heartbeat according to
the ability of the pulse sensor to measure heart conditions. In this
simulation, we need an Arduino Uno, a pulse sensor, connecting
wires virtually, and a pulse sensor as a method to read the heartbeat
of the patient and make the first decision about the heart status. It
also has the ability to know whether the method of checking the
heart situation is right or not. To simulate the heartbeat, the
program is uploaded to the Arduino board. Then, the Arduino is
connected to the Proteus software, which acts as a virtual

oscilloscope. The oscilloscope is used to display the heartbeat
waveform generated by the Arduino; Figures 7 and 8 present the
simulation and oscilloscope work.

Leot

HEART MOHITORING 10T
HE FER MIH & 8

Harizental Channel B
Position

e

Figure 8. Oscilloscope for healthcare simply available (heartbeat)

4.4. Step Four: Hardware design and real implementation
using an Arduino unit and pulse sensor

To make this model simple and feasible, as suggested by the
Arduino Uno pulse sensor, a connected wire is used. Arduino Uno
is a cost-effective sensor board used to measure the electrical
activity of the heartbeat via a pulse sensor, which produces the
heartbeat as the first status and is simple to check and represent as
an analog reading. The hardware design involves connecting an
Arduino Uno board to a pulse sensor. The positive end is
connected to the digital pin with 5 volts on the Arduino board. The
negative end of the pulse sensor is connected to the ground of
Arduino. The data end is connected to any analog pin, and we use
AQ, as represented in Figure 9.
==

Figure 9. simply available real time implementation of healthcare using
pulse sensor
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5. Results

The cost of making healthcare devices more available or simply
available via simple materials is only 16.05 dollars. The results of
the heartbeat simulation using the Arduino and Proteus software
are shown in Figures 7 and 8 and are simple. Real-time work is
also represented in Figure 8, and the final result is clarified in
Figure 10, which represents the use of serial heart rate monitoring.
The real-time implementation represents heart monitoring per
minute, as shown in Figures 8 and 9. It represents the electrical
impulses of the heart. On the basis of the status of the checked
person at age 22, his heart appears normal according to the heart
rate measure that was already taken from the Clevelend clinic,
which represents a person older than 18 years, and the normal heart
beat is between 60 and 100; it appears between 64 and 79, which
represents a normal status.

B i -
& (O = U &

1’.'.'3 created a pulseSensor Object !
(Heart Monitoring SYS

[BEM: 64 : Normal heart rate
[Heart Monitoring SYS

[BRM: 67 : Normal heart rate
[Heart Monitoring SYS

BEM: 76 :

Hormal heart rate

Heart Monitoring SYS
BPM: 79 : Normal heart rate

Figure 10. Serial heart rate monitoring

6. Conclusion and future work

Cardiovascular disease is one of the most fatal diseases in the
world. Usually, early diagnoses prevent any type of cardiovascular
disease.  Collaboration among  researchers, healthcare
professionals, and technology developers is crucial to translating
this potential into practical clinical applications. This work
highlights being aware of the most common forms of
cardiovascular disease, understanding how much it costs to
develop a real-time heart diagnostic, being aware of the most
widely utilized criteria for cardiovascular disease, deciding if the
heart is functioning normally, determining how many studies
utilized ECG and pulse sensors to estimate heartbeat from 2017--
2023, enabling even the novice user to attempt a heart check with
this experiment, and being aware of the fundamental tools used to
assess heart health.

In future work, a new smart healthcare system that integrates the
smart loT with deep learning, which helps not only in increasing
prediction accuracy but also in solving power consumption,
methods of connection, and security processes, is proposed.

References

[1] A. M. Katz, Physiology of the Heart. Lippincott
Williams & Wilkins, 2010.

[2] P. J. Rosch, "Why the heart is much more than a pump,"
Issues of the heart: The neuropsychotherapist (Special Issue, pp.
1-13). Brishane, Australia: Dahlitz Media, 2015.

[3] K. F. McBride et al., "Good heart: telling stories of
cardiovascular protective and risk factors for Aboriginal women,"
Heart, Lung and Circulation, vol. 30, no. 1, pp. 69-77, 2021.

[4] M. L. Benton, A. Abraham, A. L. LaBella, P. Abbot, A.
Rokas, and J. A. Capra, "The influence of evolutionary history on
human health and disease," Nature Reviews Genetics, vol. 22, no.
5, pp. 269-283, 2021.

[5] M. S. Amran, N. B. Bahar, and S. Akash, "Physiology
and Pathology of the Cardiovascular System," in Cardiovascular
Diseases: IntechOpen, 2022.

[6] W. H. Organization, World health statistics 2023:
monitoring health for the SDGs, sustainable development goals.
World Health Organization, 2023.

[71 G. ZWIELEWSKI, "WORLD HEALTH
ORGANIZATION. World health statistics 2022: monitoring
health for the,” Gestdo de qualidade em salide: conceitos e
ferramentas da qualidade como estratégia de construgdo e praticas
em gestdo em saude, 2023.

[8] T. Gaziano, K. S. Reddy, F. Paccaud, S. Horton, and V.
Chaturvedi, "Cardiovascular disease," Disease Control Prioritiesin
Developing Countries. 2nd edition, 2006.

[9] I. Peate, "The circulatory system," British Journal of
Healthcare Assistants, vol. 14, no. 11, pp. 548-553, 2020.

[10] J. Grune, M. Yamazoe, and M. Nahrendorf,
"Electroimmunology and cardiac arrhythmia,” Nature Reviews
Cardiology, vol. 18, no. 8, pp. 547-564, 2021.

[11] G. Savarese, P. M. Becher, L. H. Lund, P. Seferovic, G.
M. Rosano, and A. J. Coats, "Global burden of heart failure: a
comprehensive and updated review of epidemiology,"
Cardiovascular research, vol. 118, no. 17, pp. 3272-3287, 2022.
[12] S. H. Rahimtoola, "The year in valvular heart disease,"
Journal of the American College of Cardiology, vol. 61, no. 12, pp.
1290-1301, 2013.

[13] A. C. O’Kelly et al., "Pregnancy and reproductive risk
factors for cardiovascular disease in women," Circulation research,
vol. 130, no. 4, pp. 652-672, 2022.

[14] W. Ruamtawee, M. Tipayamongkholgul, N. Aimyong,
and W. Manosuthi, "Prevalence and risk factors of cardiovascular
disease among people living with HIV in the Asia-Pacific region:
a systematic review," BMC Public Health, vol. 23, no. 1, pp. 1-8,
2023.

[15] J. Lacombe, M. E. Armstrong, F. L. Wright, and C.
Foster, "The impact of physical activity and an additional
behavioural risk factor on cardiovascular disease, cancer and all-
cause mortality: a systematic review," BMC Public Health, vol. 19,
pp. 1-16, 2019.

[16] M. Walli-Attaei et al., "Variations between women and
men in risk factors, treatments, cardiovascular disease incidence,
and death in 27 high-income, middle-income, and low-income
countries (PURE): a prospective cohort study," The Lancet, vol.
396, no. 10244, pp. 97-109, 2020.

[17] L. A. Kaminsky, C. German, M. Imboden, C. Ozemek,
J. E. Peterman, and P. H. Brubaker, "The importance of healthy
lifestyle behaviors in the prevention of cardiovascular disease,"”
Progress in Cardiovascular Diseases, vol. 70, pp. 8-15, 2022.

[18] Q. Zhu, T. Wu, and N. Wang, "From Piezoelectric
Nanogenerator to Non-Invasive Medical Sensor: A Review,"
Biosensors, vol. 13, no. 1, p. 113, 2023.

[19] M. A. Said et al., "Contributions of interactions between
lifestyle and genetics on coronary artery disease risk," Current
cardiology reports, vol. 21, pp. 1-8, 2019.

[20] P. M. Kris-Etherton, P. A. Sapp, T. M. Riley, K. M.
Davis, T. Hart, and O. Lawler, "The Dynamic Interplay of Healthy
Lifestyle Behaviors for Cardiovascular Health," Current
atherosclerosis reports, pp. 1-12, 2022.

[21] M. R. Kamil, "Physiology of the Heart," in Heart
Transplantation: Springer, 2023, pp. 19-48.

[22] F. S. Mohsen, B. S. G. de la Pefia, F. M. C. Loriga, P. A.
R. Rubio, N. B. A. Rojas, and M. F. Gonzalez, "Caracterizacion
del sindrome coronario agudo en el Instituto de Cardiologia y

International Journal of Intelligent Systems and Applications in Engineering

JISAE, 2024, 12(4), 4737 - 4748 | 4744



Cirugia Cardiovascular, 2009-2010," Revista Cubana de
Cardiologia y Cirugia Cardiovascular, vol. 16, no. 4, pp. 397-406,
2012.

[23] C. Shao, J. Wang, J. Tian, and Y.-d. Tang, "Coronary
artery disease: from mechanism to clinical practice,” Coronary
Artery Disease: Therapeutics and Drug Discovery, pp. 1-36, 2020.
[24] M. J. Sarnak et al., "Chronic kidney disease and coronary
artery disease: JACC state-of-the-art review," Journal of the
American College of Cardiology, vol. 74, no. 14, pp. 1823-1838,
2019.

[25] S. Joseph, "CORONARY HEART DISEASES AND
PHYSICAL ACTIVITY," CARMEL GRAPHICS, p. 38.

[26] U. Ralapanawa and R. Sivakanesan, "Epidemiology and
the magnitude of coronary artery disease and acute coronary
syndrome: a narrative review," Journal of epidemiology and global
health, vol. 11, no. 2, p. 169, 2021.

[27] A. Martinez and B. J. Wells, "Vascular Disease Patient
Information Page: External iliac artery endofibrosis,” Vascular
Medicine, vol. 27, no. 2, pp. 207-210, 2022.

[28] R. J. Hinchliffe et al., "Guidelines on diagnosis,
prognosis, and management of peripheral artery disease in patients
with foot ulcers and diabetes (IWGDF 2019 update),”
Diabetes/metabolism research and reviews, vol. 36, p. 3276,
2020.

[29] V. Cleofort et al., "Evaluation of the ankle brachial index
and toe brachial index for peripheral arterial disease diagnosis in
patients over 70 years with lower limb ulcers,” JMV-Journal de
Médecine Vasculaire, vol. 48, no. 1, pp. 11-17, 2023.

[30] A. Herraiz-Adillo, 1. Cavero-Redondo, C. Alvarez-
Bueno, D. P. Pozuelo-Carrascosa, and M. Solera-Martinez, "The
accuracy of toe brachial index and ankle brachial index in the
diagnosis of lower limb peripheral arterial disease: A systematic
review and meta-analysis," Atherosclerosis, vol. 315, pp. 81-92,
2020.

[31] G. Mahé et al., "Discordance of peripheral artery disease
diagnosis using exercise transcutaneous oxygen pressure
measurement and post-exercise ankle-brachial index," Scientific
Reports, vol. 10, no. 1, pp. 1-9, 2020.

[32] J. H. Park et al, "Healthy lifestyle factors,
cardiovascular comorbidities, and the risk of sudden cardiac arrest:
A case-control study in Korea," Resuscitation, vol. 175, pp. 142-
149, 2022.

[33] M. M. Chowdhury and P. A. Coughlin, "Peripheral
arterial disease," Surgery (Oxford), 2022.

[34] G. R. Shamaki, F. Markson, D. Soji-Ayoade, C. C.
Agwuegbo, M. O. Bamgbose, and B.-M. Tamunoinemi,
"Peripheral artery disease: a comprehensive updated review,"
Current Problems in Cardiology, vol. 47, no. 11, p. 101082, 2022.
[35] D. S. Desai and S. Hajouli, "Arrhythmias," in StatPearls
[Internet]: StatPearls Publishing, 2022.

[36] S. S. Yadav and S. M. Jadhav, "Detection of common
risk factors for diagnosis of cardiac arrhythmia using machine
learning algorithm," Expert systems with applications, vol. 163, p.
113807, 2021.

[37] Z. Bouzid, S. S. Al-Zaiti, R. Bond, and E. Sejdi¢,
"Remote and wearable ECG devices with diagnostic abilities in
adults: A state-of-the-science scoping review," Heart Rhythm, vol.
19, no. 7, pp. 1192-1201, 2022.

[38] J. G. Andrade et al., "Cryoballoon ablation as initial
treatment for atrial fibrillation: JACC state-of-the-art review,"
Journal of the American College of Cardiology, vol. 78, no. 9, pp.
914-930, 2021.

[39] T. Force et al., "2021 ESC Guidelines for the diagnosis

and treatment of acute and chronic heart failure: Developed by the
Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC). With
the special contribution of the Heart Failure Association (HFA) of
the ESC," European Journal of Heart Failure, vol. 24, no. 1, 2022.

[40] O. Elsaka, "Heart Failure: Causes, Investigations and
Updates on Management,” 2021.
[41] P. Pellicori et al., "Ultrasound imaging of congestion in

heart failure: examinations beyond the heart," European journal of
heart failure, vol. 23, no. 5, pp. 703-712, 2021.

[42] S. von Haehling et al., "Improving exercise capacity and
quality of life using non-invasive heart failure treatments: evidence
from clinical trials," European Journal of Heart Failure, vol. 23, no.
1, pp. 92-113, 2021.

[43] P. Unger and C. Tribouilloy, "Aortic stenosis with other
concomitant valvular disease: aortic regurgitation, mitral
regurgitation, mitral stenosis, or tricuspid regurgitation,”
Cardiology clinics, vol. 38, no. 1, pp. 33-46, 2020.

[44] E. C. Orton, "Valvular heart disease," Small Animal Soft
Tissue Surgery, pp. 936-943, 2023.

[45] C. Albus and M. Haass, "Main Features of Cardiac
Diseases," in Psychocardiology: A practical guide for doctors and
psychologists: Springer, 2022, pp. 1-40.

[46] C. S. Rihal, T. J. Simard, and D. R. Holmes Jr, "2000s:
Structural Heart Disease,” in The Mayo Clinic Cardiac
Catheterization Laboratory: History, Research, and Innovations:
Springer, 2021, pp. 155-185.

[47] R. Nedadur, B. Wang, and W. Tsang, "Artificial
intelligence for the echocardiographic assessment of valvular heart
disease," Heart, vol. 108, no. 20, pp. 1592-1599, 2022.

[48] L. E. Bodart, Real-Time Three-Dimensional Image
Guidance Platform Using Transthoracic Echocardiography and X-
Ray Fluoroscopy. The University of Wisconsin-Madison, 2021.
[49] J. Rogers, G. Collins, M. Husain, and M. Docherty,
"ldentifying and managing functional cardiac symptoms," Clinical
Medicine, vol. 21, no. 1, p. 37, 2021.

[50] F. ALHosni, M. Al Qadire, O. A. Omari, H. Al Ragaishi,
and A. Khalaf, "Symptom prevalence, severity, distress and
management among patients with chronic diseases," BMC nursing,
vol. 22, no. 1, p. 155, 2023.

[51] K. Crawford, E. Hillegass, and S. B. McNamara,
"Cardiovascular diagnostic tests and procedures,” Essentials of
Cardiopulmonary Physical Therapy-E-Book, p. 308, 2022.

[52] S. A. Unger and A. M. Kucia, "Diagnostic Procedures,"
Cardiac Care: A Practical Guide for Nurses, pp. 76-102, 2022.
[53] J. L. Rodgers et al., "Cardiovascular risks associated
with gender and aging," Journal of cardiovascular development
and disease, vol. 6, no. 2, p. 19, 2019.

[54] A. R. Nair, A. J. Pillai, and N. Nair, "Cardiovascular
changes in menopause," Current cardiology reviews, vol. 17, no.
4,2021.

[55] S. Korjian and C. M. Gibson, "Chest Pain," Handbook
of Inpatient Cardiology, pp. 389-404, 2020.

[56] F.D. Fuchsand P. K. Whelton, "High blood pressure and
cardiovascular disease," Hypertension, vol. 75, no. 2, pp. 285-292,
2020.

[57] B. Franczyk, J. Rysz, J. Lawinski, M. Rysz-Gorzynska,
and A. Gluba-Brz6zka, "Is a high HDL-cholesterol level always
beneficial?," Biomedicines, vol. 9, no. 9, p. 1083, 2021.

[58] R. H. Eckel, K. E. Bornfeldt, and 1. J. Goldberg,
"Cardiovascular disease in diabetes, beyond glucose,” Cell
metabolism, vol. 33, no. 8, pp. 1519-1545, 2021.

[59] K. S. Park, "Electrocardiogram,” in Humans and

International Journal of Intelligent Systems and Applications in Engineering

ISAE, 2024, 12(4), 4737 - 4748 | 4745



Electricity: Understanding Body Electricity and Applications:
Springer, 2023, pp. 149-172.

[60] D. C. Goff Jr et al., "2013 ACC/AHA guideline on the
assessment of cardiovascular risk: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines," Circulation, vol. 129, no. 25_suppl_2, pp.
S49-S73, 2014.

[61] K. M. Anderson, P. M. Odell, P. W. Wilson, and W. B.
Kannel, "Cardiovascular disease risk profiles,” American heart
journal, vol. 121, no. 1, pp. 293-298, 1991.

[62] R. B. D’Agostino Sr et al., "General cardiovascular risk
profile for use in primary care: the Framingham Heart Study,"
Circulation, vol. 117, no. 6, pp. 743-753, 2008.

[63] M. T. F. Dos Reis, L. T. Aguiar, P. d. C. Peniche, and C.
D. C. d. M. Faria, "Are age-predicted equations valid in predicting
maximum heart rate in individuals after stroke?," Disability and

Sharma, "Personalized Heart Monitoring and Reporting System,"
EasyChair, 2516-2314, 2021.

[70] M. Moshawrab, M. Adda, A. Bouzouane, H. Ibrahim,
and A. Raad, "Smart Wearables for the Detection of
Cardiovascular Diseases: A Systematic Literature Review,"
Sensors, vol. 23, no. 2, p. 828, 2023.

[71] T. P. T. Armand, M. A. |I. Mozumder, S. Ali, A. O.
Amaechi, and H.-C. Kim, "Developing a Low-Cost loT-Based
Remote Cardiovascular Patient Monitoring System in Cameroon,”
in Healthcare, 2023, vol. 11, no. 2: MDPI, p. 199.

[72] K. Meng et al., "Kirigami-Inspired Pressure Sensors for
Wearable Dynamic Cardiovascular Monitoring,” Advanced
Materials, vol. 34, no. 36, p. 2202478, 2022.

Table 2: Real cost of implementation of a pulse sensor for healthcare

R diagnosis
Rehabilitation, pp. 1-7, 2023.
[64] K. V. V. Reddy, I. Elamvazuthi, A. A. Aziz, S.
Paramasivam, H. N. Chua, and S. Pranavanand, "Heart disease risk Models Data extracted  Price for having the devices

prediction using machine learning classifiers with attribute
evaluators,”" Applied Sciences, vol. 11, no. 18, p. 8352, 2021.

[65] N. Louridi, S. Douzi, and B. El Ouahidi, "Machine
learning-based identification of patients with a cardiovascular
defect," Journal of Big Data, vol. 8, no. 1, p. 133, 2021.

[66] H. Xiong, M. Liang, and J. Liu, "A real-time QRS
detection algorithm based on energy segmentation for exercise
electrocardiogram,” Circuits, Systems, and Signal Processing, vol.
40, no. 10, pp. 4969-4985, 2021.

[67] G. N. Ahmad, H. Fatima, M. Abbas, O. Rahman, and M.
S. Algahtani, "Mixed machine learning approach for efficient
prediction of human heart disease by identifying the numerical and
categorical features," Applied Sciences, vol. 12, no. 15, p. 7449,
2022.

[68] M. Hajipour et al., "Risk Factors Associated With Heart
Failure in Patients With B-Thalassemia," Iranian Heart Journal,
vol. 23, no. 3, pp. 88-96, 2022.

[69] M. Rathi, K. Godani, K. Nigam, S. Khandelwal, and D.

Arduino-uno (10.45%)
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Heart beat model  Heart beat only
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Total=16.05$

*Price taken on 22/7/2023 when the price of dollars 1$=555 YR

Table 1: Risk factors that are used in most datasets for monitoring cardiovascular disease.

Number of Result

attributes

Dataset Risk factors

Cleveland :303
Hungarian: 294
Switzerland: 123
Long Beach VA: 200
Statlog : 270

13 and one for Normal or not

predication result

Age: age in years

Sex: sex

(1 =male; 0 = female)

cp: chest pain type

Value 0: typical angina

Value 1: atypical angina

Value 2: nonanginal pain

Value 3: asymptomatic

trestbps: resting blood pressure (in millimeters of mercury at hospital
admission)

chol: milligrams/dl of serum cholesterol

fbs: (fasting blood sugar > 120 mg/dl

(1 = true; 0 = false)

restecg: resting electrocardiographic results

Value 0: normal

Value 1: having ST-T wave abnormality (T wave inversions and/or ST
elevation or depression of > 0.05 mV)

Value 2 demonstrating definite or likely left ventricular hypertrophy
according to Estes' criteria

thalach: highest heart rate reached.

exang: indicates exercise-induced angina (1 = yes, 0 = no).

oldpeak = ST depression caused by activity compared to rest.

slope: the slope of the peak exercise ST segment

Value 0: upsloping

Value 1: flat

Value 2: downsloping

ca: number of main vessels (0-3) colored by flourosopy

thal (Thalassemia): 0 = normal; 1 = fixed defect; 2 = reversable defect
and the label
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Table 3: Most Used Sensor for Real Time Diagnosis of

Cardiovascular diseases

Number of
. Sensor studies
Publisher used that used Years
this sensor

1073 2017
1158 2018
1297 2019

ECG
sensor 1575 2020
1901 2021
2003 2022
1528 2023

Elsevier

473 2017
596 2018
673 2019
Heart beat 797 2020

sensor
958 2021
1088 2022
844 2023
252 2017
271 2018
279 2019
ECG 248 2020

sensor
313 2021
367 2022
110 2023

IEEE

22 2017
18 2018
19 2019
Heart beat 24 2020

sensor
34 2021
29 2022
16 2023
441 2017
512 2018
585 2019
ECG 626 2020

sensor
728 2021

Springer

pring 852 2022
740 2023
360 2017
Heart beat 213 2018

sensor
441 2019
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480

496

620

432

2020

2021

2022

2023
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